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TABLES FOR THE MICROSCOPIC IDENTIFICATION 
OF INORGANIC SALTS. 


By Wittiam H. Fry, Scientist in Chemical Investigations, Bureau of Soils. 
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INTRODUCTION. 


The identification of a salt by a qualitative chemical analysis 
necessarily presupposes the purity of the salt, since a qualitative 
analysis would make no distinction between an accidental impurity 
and a constitutional molecular group of the compound. But even 
with material of assured purity the results of the analysis would still 
be indefinite. Whether, for example, a substance containing K, H, 
and PO, was a monopotassium or dipotassium phosphate would be 
undecided. The whole question of hydrates would likewise be inde- 
terminate. If the material qualitatively examined should be a mix- 
ture, the difficulties of identification would be insuperable by the 
analytical evidence alone. 

Ifa quantitative anal» sis is made, the results would be sufficiently 
explicit im certain relatively simple cases if the material analyzed is 
known to be a single pure substance. But in other cases—for example, 
elemental suiphur—the analysis would give no eyidence as to the 
particular allotropic form of sulphur—a pomt which in certain 
problems might be of considerable importance. Where the substance 
is a double salt, the analytical data would not differentiate between a 
double salt and a mixture of two simple salts; and the more com- 
plicated the molecular composition of the salt the more difficult would 
be the interpretation of the analysis. With mixed salts any calcu- 
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lation of the original composition of the materials from the analytical 
figures would be practically out of the question in all but a relatively 
few and simple cases. 

Even where chemical analysis, either qualitative or quantitative, 
gives the desired information as to the existence of a certain com- 
pound, the time consumed in making the analysis is comparatively 
long. A method which would give reliable and rapid identifications 
is obviously desirable and for certain work imperative. For instance, 
a chemical analysis would readily give the percentage of the various 
elements in a mixed fertilizer, but further data as to the actual com- 
pounds of potash, say, which are present in the sample might be 
necessary for certain plot or pot experiments. 

A number of methods designed to furnish evidence as to the con- 
stituents of mixtures have been proposed and used in certain limited 
fields of study. The separation of minerals in rock powders according 
to their specific gravities by means of solutions of appropriate densities 
was long in vogue, and even now is used occasionally. Ordinary 
microscopical observation of crystal forms has been used extensively, 
and, though sometimes abused, in the hands of an expert it can be 
made of considerable value. Its application, however, is limited to 
well developed crystals, and even then it furnishes only meager data 
of a definitive kind. The danger attending its use becomes apparent 
when one tries to identify one of the numerous “needle-shaped”’ 
crystals with no more data than can be obtained with the cross hairs 
and possibly the rotating stage of the microscope. Microchemistry 
at its best gives scarcely better results than a qualitative chemical 
analysis. The observation of absorption spectra with a micro- 
spectroscope is of extremely limited application. Up to the present 
time, petrographic methods are the best and apparently the only 
general solution of the problem. 


PETROGRAPHIC METHODS. 


The possible range of application of petrographic methods to chem- 
ical problems is almost unlimited. They have been successfully 
applied to the identification of compounds formed in concrete and 
cement mixtures and to general ceramic problems. It has been 
found possible to differentiate between phrenosin and kerosin derived 
from both the brain and the soil. The alkaloids and sugars afford 
notable instances of the rapid identification of substances without 
tedious chemical procedures... Most phase rule work presents 
problems easily solved by the petrographic microscope. This appli- 
cation has already found commercial use in the study of brines. In 
the laboratory of the Bureau of Soils it has been shown to be feasible 


1 Wherry, E. T., U.S. Dept. Agr., Bul. 679 (1918). 
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to identify the various substances occurring in commercial fertilizers 
and the salts obtained from the evaporation of soil extracts. Other 
minor applications have been the examination of scouring soaps, 
products of dye manufacture, ground glass and sand in foodstufts, 
incrustations and efflorescences on buildings, gas pipes, soils, etc., 
chemical precipitates, miscellaneous laboratory reagents, and com- 
mercial products such as ordinary salts and carborundum. Possibly 
one of the widest applications may be in the inspection of drugs and 
similar products. | 

The petrographic microscope was primarily designed for the identi- 
fication of natural minerals. But since minerals are nothing more 
than a particular group of more or less definite and usually impure 
ehemical compounds which occur in nature, the petrographic micro- 
scope is all the more applicable to the crystalline compounds of the 
laboratory where purity is usually of a fairly high degree. The 
methods have an immense advantage over ordinary microscopic 
observations of crystals in that particles showing crystalline forms or 
outlines are not essential. The petrographic determinations are made 
upon the optical constants with only incidental and occasional 
reference to crystallographic constants, and therefore can be made 
upon crushed or ground fragments showing no crystalline outlines 
almost as well as upon well-developed crystals. Furthermore, the 
optical methods are accurate and certain to a degree which can not 
be attained in a measurement of crystals under the microscope. 

The optical properties have been repeatedly described and the 
methods for their determination given.2 They are isotropy, or 
anisotropy, uniaxiality or biaxiality, optical character, refractive 
indices, birefringence, optic axial angles, dispersion, color, pleo- 
chroism, absorption, orientation, and such crystallographic properties 
as cleavage and system where possible. Isotropy, anisotropy, uni- 
axiality, biaxiality, and optical character are qualitative in their 
nature and serve simply to throw a particular substance into a classi- 
ficatory group. All the other properties are specific for a given sub- 
stance and serve to identify it when once placed in its proper group. 
Dispersion, color, pleochroism, and absorption are essentially qualita- 
tive as usually observed. Refractive indices, birefringence, optic 
axial angles, and orientation are distinctly quantitative, however, and 
refer to specific numerical values. 


2 For an admirable and exhaustive account of methods see Johannsen, Manual of Petrographic Methods, 
New York,1914. For a general critique of methods see Wright, The Methods of Petrographic-Microscopic 
Research, Their Relative Accuracy and Range of Application, Carnegie Institution of Washington, Pub. 
158, 1911. An extremely elementary account of the simplest and most easily applied methods has been 
given by Fry, Identification of Commercial Fertilizer Materials, U.S. Dept. of Agr., Bul. 97, 1914. Among 
numerous other publications may be mentioned the classic works of Iddings, Rock Minerals, New York, 
1906; Rosenbusch and Wulfing, Mikroskopische Physiographie der petrographisch wichtigen Mineralien, 
1 Teil, Stuttgart, 1904; Schroeder van der Kolk, Kurze Anleitung zur Mikroskopischen Krystallbestim- 
mung, Wiesbaden, 1898; and Larsen, U.S. Geol. Survey Bul. 679, 1921. 
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All of the optical properties named may usually be observed and 
measured where measurement is possible in about 15 minutes, with 
no more material than can be held upon the point of a knife blade, 
assuming of course that one has ready all the essential equipment for 
the work and is not under the time-consuming necessity of making a 
microscopical search for the material to be identified in a mass of other 
material. In certain cases, however, the time of search can be mate- 
rially reduced or eveneliminated. For instance, if one has a mixture 
of NaCl and KCl, the presence of either one but not both being 
known, the mass can be mounted in an oil of the same refractive index 
as that of the known substance, when the latter will be invisible or 
practically so and the unknown will stand out with a considerable 
degree of prominence, thus permitting ready “‘spotting”’ and a sub- 
sequent working down or up to its index with different oils. The 
value of this point in the rapid detection of impurities in supposedly 
pure substances is obvious. 


EXPLANATION OF SYMBOLS. 


For convenience in identification the substances have been tabu- 
lated in five groups as follows: Isotropic, uniaxial positive, uniaxial 
negative, biaxial positive, and biaxial negative substances. In the 
isotropic group the refractive index is the only property to be ob- 
served, and the arrangement of the substances is according to increas- 
ing values of the index. In the uniaxial positive and uniaxial nega- 
tive groups there are two refractive indices to be measured, designated 
w and e, denoting respectively the ordinary and extraordinary rays of 
light as observed in polarized light. The difference between these 
two indices constitutes the birefringence of the substance. Other 
properties, such as pleochroism, are occasionally observable, and the 
crystal system should always be noted where possible. The arrange- 
ment of the substances is according to ascending values of the w 
index. 

In the biaxial positive and biaxial negative groups there are three 
refractive indices to be measured—that is, the a, 8, and y indices— 
indicating respectively the least, the intermediate, and the greatest 
index of the substances. The differences between any two of these 
are significant and are tabulated. The true optical angle is indicated 
by 2V. The symbols 2K and 2H indicate the value of this axial 
angle when measured in air and oil, respectively. Dispersion is tabu- 
lated as greater or less for red, p, than for violet, v, light. In the 
columns headed “‘orientation,’’ X, Y, and Z signify the directions of 
vibration of the a, 8, and y rays. Ax.pl. is an abbreviation for plane 
of the optic axes of the crystal. All the other symbols in this column 
are either geometrical or simple crystallographic designations of crys- 
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tal faces and axes. Pleochroism should be observed when present, 
and crystal system should always be identified where possible. 
The arrangement is according to ascending values of the 6 index. 


OPTICAL PROPERTIES. 


It can not be too strongly stated that geometrical and optical crys- 
tallography constitute two distinct classes of crystal investigations; 
closely interrelated, it is true, and mutually dependent for certain 
properties, but nevertheless far from being completely expressible in 
terms of each other. For example, a complete geometrical descrip- 
tion of a crystal could do no more than indicate isotropy, uniaxiality 
or biaxiality, leaving all of the other optical properties completely 
undecided. 

To show the relations between geometrical and optical crystallog- 
raphy and to explain briefly the optical terms and methods here 
used, the following résumé is given. 

All crystals can be grouped into six major systems, each of which 
has numerous subdivisions or modifications. These major systems 
are the isometric, tetragonal, hexagonal, orthorhombic, monoclinic, 
and triclinic. Optically, these may be grouped into two classes, 
depending upon the mode of transmission of light in them in different 
directions. Substances belonging to the isometric system transmit 
light with equal speed, regardless of crystallographic directions. 
They therefore act very much as a piece of glass or other amorphous 
body. Such substances form the isotropic class. All belonging to 
the other systems transmit light with a speed which varies as the 
direction through the crystal varies. These form the anisotropic, 
doubly refracting, or birefringent class. 

Anisotropic materials comprise two main groups, the first having 
only one optic axis, and the second having two. These are the uni- 
axial and biaxial groups, respectively. The uniaxial groups include 
the tetragonal and hexagonal systems, and the biaxial group the 
orthorhombic, monoclinic, and triclinic systems. The uniaxial and 
biaxial groups are further subdivided into optically positive and 
optically negative subgroups. 

We therefore have an optical classification as follows: 


SeetramicG 2 et. fA. dc. tt 2-2 oa, : plsometric system: 


tage Tetragonal Positive. 
Uniaxial 1 eeceee iret 


BREF BG- ssn ould ts* ensantedr ) Orthorhombic) (Positive. 
Biaxial Monoclinic 
{ Triclinic Negative. 


Since light is not modified by the direction in which it traverses 
an amorphous or isometric substance, there is only one optical prop- 
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erty, aside from isotropy, which is to be determined; that is, the 
refractive index. 

Since light, in passing through anisotropic media, is always doubly 
refracted, this group presents complications of refractive index and 
other determinable phenomena, all of which have diagnostic value. 

Uniaxial crystals have two refractive indices, one of the rays 
vibrating parallel to the optic axis and another at right angles to this 
direction. Biaxial crystals have three indices, two lying in one plane 
and the third in another plane of the particle. Not only is each 
index of diagnostic value; but also the differences between the in- 
dices of a given substance, since these differences are a measure of 
the double refraction and therefore of the order of the interference 
colors shown between crossed nicols. Furthermore, the plus or minus 
value of the difference of the indices of rays vibrating in given direc- 
tions determines the optically positive or optically negative character 
of the substance. If e>w in a uniaxial substance, the substance is 
optically positive; if the reverse is true, negative. In biaxial sub- 
stances, if B—a is decidedly greater than y— the substance is op- 
tically negative, and if the reverse is true, positive. 

Biaxial substances, suitably oriented, show the emergence of two 
optic axes, and the angle between these two axes is called the optic 
angle. Uniaxial materials may be considered as the limiting case of 
the biaxial group where the optic angle is zero. 

Frequently red light is dispersed more or less than violet light, 
and this fact is of diagnostic value. 

In any given substance other than amorphous or isometric there is 
always a specific relation between the directions of the optic axes or 
planes and the crystallographic axes, and therefore between the optic 
axes or planes and any given external face or line on the crystal. 
In other words, a given substance lying in a particular crystallo- 
graphic position will always show the same value and orientation 
of its optical properties, whereas a change in the crystallographic 
position would usually change the orientation and might change the 
value of some given property—apparent refractive index, for example. 

The absorption of certain colors of light in one optical direction 
in a crystal to a greater or less extent than in another direction 
gives rise to a change in color of the material depending upon the 
direction in which it is viewed. This is called pleochroism, and is 
characteristic of certain compounds. 

The measurement of the refractive index is based on the principle 
that the contact between two substances of the same color and 
refractive index is invisible and the greater the difference between 
the indices of the two substances the more prominently one stands 
out from the other. If a substance is mounted in an oil of known 
refractive index, either the method of central or the method of in- 
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clined illumination may be used to determine whether the substance 
has an index higher or lower than that of the oil. This determined, 
the substance is mounted in another oil of appropriately higher or 
lower index, as the case may be, and the operation repeated. By 
this method of trial and error, an oil is found in which the given 
substance disappears. The refractive index of the substance is then 
the same as that of the oil. <A little practice enables one to estimate 
quite closely the index of a substance observed in an oil of a definite 
but different index, and this estimation very materially reduces the 
number of trials that must be made before the correct oil is found. 

The preceding description applies directly to the measurement of 
the refractive index of an isotropic substance. In the measurement 
of the indices of anisotropic substances, the problem is complicated 
by the fact that the index of the substance varies as the direction of 
the yibration of the light varies. With anisotropic substances, it is 
therefore necessary to ascertain carefully the optical orientation of all 
particles upon which the measurements are carried out. On a given 
substance in the proper orientation one index may be determined 
directly. A second index is in the same plane and consequently may 
be determined by a change in the orientation of the substance repre- 
sented by simple rotation of the stage of the microscope. The third 
index must be measured upon the substance in another plane repre- 
sented by a tilting of the grain. ‘This tilting may be accomplished 
by a universal stage attachment on the microscope or by moving the 
cover glass, as, for example, with the point of a pencil. In the. 
measurement of indices of anisotropic substances, regard to optical 
orientation is more often than not a considerable aid in identification. 

Whether a given crystal is isotropic or anisotropic—that is, whether 
it is isometric or belongs to one of the other crystalline systems—is 
readily determined by crossing the nicol prisms of the microscope. 
Isotropic substances transmit no light under these conditions; whereas 
anisotropic substances, being doubly refractive, do transmit light and 
are readily visible. In making this test care must be taken that an 
anisotropic uniaxial substance is not so oriented that the line of 
vision is parallel to the optic axis of the substance and that no par- 
ticles are observed only at their point of extinction. Tilting the grain 
and revolving the stage of the microscope will eliminate both of these 
possibilities of error. If the substance is known to be biaxial, simple 
revolution of the stage is sufficient. 

Uniaxiality or biaxiality is established by converting the micro- 
scope into a conoscope by crossing the nicols and removing the ocular 
or by inserting the Bertrand lens and observing the interference figure 
of the particle in question. Uniaxial substances show across, if lying 
on a plane perpendicular to the optic axis. As the particle is tilted 
more and more out of this position the center of the cross finally is out 
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of the field of the microscope and only the arms of the cross are 
visible, each one coming into view separately and at right angles to 
the other as the stage of the microscope is revolved. In the limiting 
case where the particle is lying on a plane parallel to the optic axis. 
the interference figure is practically indeterminate and the position 
of the grain must be altered. 

Biaxial substances lying on a plane perpendicular to the acute bi- 
sectrix of the optic axes show the points of emergence of the two optic 
axes, which points mark the loci of two hyperbole, extending in 
opposite directions and momentarily coming together in the form of 
a cross as the stage is revolved. As the particle is tilted out of its 
perpendicular position one or other of the points of emergence first 
leaves the field of the microscope, only one hyperbola remaining in 
view. As the tilting continues this second point of emergence like- 
wise leaves the field; but biaxiality is still evidenced by the curved 
portion of the hyperbola remaining in view. In the limiting case 
where the particle lies in a plane parallel to the plane of its optic 
axes, the interference figure is indeterminate and the position of the 
particle must be altered. In case there is a large acute angle between 
the two optic axes, both points of emergence are out of the field when 
the particle is in the perpendicular position. In such a case only one 
point of emergence can be observed at a time, and tilting is necessary. 

If the interference cross of a uniaxial substance, or the interference 
figure, preferably revolved into the form of a cross, of a biaxial sub- 
stance, be observed and a gypsum plate showing red of the first order 
be inserted, two opposite quadrants of the figures become blue in 
color and the other two opposite quadrants become yellow. The 
position of the quadrants colored blue and yellow establishes the 
optically negative or positive character of the substance under exami- 
nation; but it is necessary to calibrate each microscope and gypsum 
plate as to the position of the colored quadrants. This can readily 
be done once for all by observation of a piece of muscovite. This min- 
eral, being optically negative, gives the phenomena characteristic of 
negative substances. For positive substances the phenomena are 
simply reversed. In case the interference figures are highly colored, 
a quartz wedge may conveniently be used in place of the gypsum 
plate. But here, instead of noting the coloration of the quadrants, 
one must note the movement of the colored bands into or away from 
the center of the figure in the different quadrants as the wedge is 
slowly inserted. The bands in two opposite quadrants move in to the 
center and away from the center in the other quadrants. Here, as 
with the gypsum plate, the microscope must be first calibrated. 
Muscovite will serve very well for this purpose, a fairly thick piece 
showing the phenomena. 


c_ sence 7#* -_ 
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If the refractive indices have been determined with sufficient 
accuracy, the double refraction is simply their arithmetical difference. 
But it is sometimes desirable to determine the value experimentally. 
This can be done with the quartz wedge and an appropriate map of 
interference colors, such as is given in several of the textbooks 
referred to on page 38. For further details the references must be 
consulted. 

Dispersion means simply that the axial angle is greater or less for 
red than for violet light. This may be determined by a measurement 
of the axial angles with lights of these two colors; but usually it is 
quite sufficient simply to observe the position of the colors in the 
interference figures. If both the hyperbole have the same dispersion, 
then a reddish color should be noted on the concave and a bluish 
color on the convex side of the hyperbola if p<» and the reverse if p>». 

The orientation of a crystal is simply a statement of the relation of 
the optic directions and planes to the crystallographic axes and faces, 
and necessarily presupposes familiarity with and the possibility of 
identifying the crystallographic forms. This identification is not 
always possible with rounded or broken grains showing no crystalline 
outlines. In certain cases, however, the position of the crystallo- 
graphic axes can be established by the optical data, and vice versa. 

In compiling the tables an effort has been made to gather together 
all substances for which the optical constants are known with any 
degree of completeness and accuracy. It has been found necessary 
to eliminate a large amount of material for which the data are too 
meager to be of anyreal value. Especially was this so in the tables 
made by Bolland.* In many cases he failed to specify the particular 
hydrate of the salt he described or even note whether it was hydrous 
or anhydrous. It is hoped later on to take up these incomplete data 
in other publications treating of the differentiation of salts of known 
chemical groups. The main mass of data has been taken from Groth’s 
“Chemische Krystallographie,” (2 vols., Leipzig, 1906 and 1908), and 
from the pages of the Zeitschrift fir Krystallographie und Mineralogie. 
Except for a very few common substances, all naturally occurring 
salts have been eliminated; for them reference should be made to the 
admirable tables of Larsen. Except where otherwise noted, all 
optical constants refer to measurements with the D line of the spec- 
trum. 


3 Monatsh. fiir Chemie, 31:387-419 (1910). 
1531—22—Bull. 1108-2 
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TABLES. 
TaBLeE 1.—Isolropic Substances. 
Sebetace. Refractive Refractive 
index Mp. Substance. index 7p. 
Er ROR aha Pe 1.336 || T1Ga(SO4)2.12H20 
NH).SiFs et Site. 3a aa 1. 3696 |] RbFe(Se04),12H20.... 2.22.22... 1! 3070 
(Re eee: air Rs BRINE GietOMiOn gee 
MaAliSO,aaELONe OG He "AEE: 1.4388 || NHURK(SOps SEO. 15103 
2NasP Ou.NaF.19H:0.........---2.-- 1.4519 || CsFe(SeO,)c.12H20.-..---.--...----- 1. 5116 
NH3(CH3)Al(SO4)2.12H2O..........- 1.4541 |! Nas(MgCl)(COs)o....--.------- 1.5144 
TAN SOs VIRGO ote caw geet 1. A562 We Mell Oge ooo) aloes 2 nal 1.5151 
RdAL(SO4)2.12Hs0.. 2.2. a eee 1.4566 || TCr(SO,)o19H20 1. TT 1.5228 
G@sAl(SO)212H20.. 02-2 ocak noe 1.4587 || 2Na3VOu.NaF.19H20.........--.--.-| 1. 5230 
634 p. ct. ammonium alum-+ 364 p. ct. MP e(SOs)oL2HsOl)2 Ee 1. 5236 
MOLASSiN alam e 2 1.4586 Ul Bia O. SFO. Poros tee ek: 1. 5305 
NH+Al(SO,)o.12H00...2. 22.22. 1.4594 KeMgo(SOu)a.-. 2222-02 2ecsesnses ‘1, 5329 
RbTi(SO1)2.12H20.. 2.22. Lees- eee Need art Tien SO, jsiBH tec rerresieiieini Lae 
Ph inpaOs 12H60. ee kee anes | cust; co ee ee pee 
CeGa(SOyx12hO.Wi2 2 oO C45 Gc He dt TOU as Tee 1.5590 
Gsin(SOj)a12laO .. 4-2. ect2 5-05. 14652 GriNQs)e 6 5 8 cash hee 1. 5667 
KGa(SO4)o12H20....... 2222-22-22 1. 4853) [Pa CN Ogos at beet sae) a SPSS 1.5717 
RbGa(SO,).12H20....-- 2.22.2 ----- 1.4658 || NaBrOa 1. 5943 
NHuln(SO4)2.12H20..- 222222 s eee 1.4664 || CsCl 1.6418 
NM Pisa Sie 12H Oca 5 en 1.4684 |! AEREUb ak A 1.6420 
QNazAsO4NaF.19H20...2.2.22222+2- LOO epee IL Pee Cas 1.6474 
Gat S0.pd2H50, 2... ce. 2-2-5 - | 1-A736 || wesulas fb eo a eS 1. 6574 
Gsuin(8O), 19H { 1. wre BaD UW rege CPE DOS eh eae 1.6770 
(red). ee eg Od ee | RE 1, 6984 
IEA SEODe12HsO eh. 258. 2 EER 1. 4801 NHal 1. 7031 
Os@r(SOu)s.12Hs0 cy nnn | CASIO I pete 1h ge oie: 1. 7364 
KCr(SO4)2.12HO. 2 22022222 DARIEN E  oehg tie Wee UE LIES EC S89 ENT 1.7550 
Bp CriSOnsIOHs0 a. -- ante oe | 1, 4B15 Uh eM Ose oc oe betes tote 1. 7838 
Kita(S@)s 12HsOo fel fie 2B ABLINT aye). 0o REELED TED) De nates. 1. 7876 
RbFe(SO1)212H20. .. 2... 22-2 eee 1 AT a cys ert gs ee tek ge 2.0710 
CsFe($04)2.12H20...00 202.22. niin | ERM GP se ee a 2, 0870 
POT SOs OHsO2 2. c= -p 1. 4842 We eet par NS Fach ah eae 2. 1168 
NHyFe(SO4)2.12H20. 2222222222 1. 4854 UTA ey Fae ew (red) 2. 130 
SL ee aie Se a 1, 4903, || NiOw..-..------+-2----- 222 2-c ees ee (blue) 2. 390 
Bhan tk aie BL heh | 1.4930 | Guy 2 
ae alum4+-3 p. ct. potassium | mo. by DS ee BD 
Bibra: etd! EPO Fe 22 aged shots wave TV ps BSG 
MVAUSOOaIIHo). 4... ap... 2 c5- 2 | Lagi gt oe Ree 
RbRh(SOs)s. (Hee LS | 2. 5004-1. 5023 eiaTr api ral ie 2a ea ed! 


~» Personal communication, G. L. Keenan. 


TaBLE 2.—Uniarial Positive Substances. 


Substance. System. ®p | €p 
| —— 

TESOL: 2 6 ee ares i Pn a eta ti 1.3439 1.3602 
Mnsibs.GbeOrt 8 fing ds. poets: SIE Drie}. Pei Mee FSIS eos 1.3570 1.3742 
HeGi hp Oba Oe ot 6 ens sos bet dkoe ere TiC 2. tn Cle ee eka 1.3538 1.3848 

Rei ee). Sea tee. ee ea BS t Pogwig?} eb. [2325852 i 1.3780 1.3897 
CoSiFs.6H20 Brig. Coes ae 1.3817(C) | 1.3872(C) 
ZnSiFs.6H20 Mirig to-cr eee 4 1.3824 1.3956 
NiSiFs.6H2O0 ie Wy Peni ieee SPR: Reaihnelicy tg 1.3910 1. 4056 
Nase. IOHeO fs reich lid. - Aes Drge < hd. S, dsb obec hee 1. 4458 1. 4524 
SSC Se ee RE 6 Sa dee eee Uri: cg 2 aeons o 1. 4550 1.5153 
NapksOedsHO. 1) asf) Qe e ees Trig itt Wika weice 1. 4597 1.4662 
EA RAS AE oe SE EE See eee ee 5 (anne aah 1. 4574 1.5078 
INAS GSOn sel See eE teen ce. Lee Se \oDnipue os 5172: JSR SL EE LE 1. 4901 1. 4996 
cr AE Ee pee ees png Orin een ee 1. 5095 1. 5232 
Nav Op 10S OverE reek. fs se tcae eee Hexag. modification. --.-- 1. 5398 1.5475 
TTRDA GS CRS 1 0 Sie ASE ae aa eee PAGES 2 cones pee eee 1.5519 1. 5575 3 
MgPt(CN)s.7H2O a2... 222 22. eee eel | Retrag cfcyisc,'Sssn-5ti eee 1. 5538— 1.553+ .| Very weak 
IMG (OM) goo us cae Gt coe ole ae = ee rig ae ns Gs ta 1. 5590 1.5795 .0 

(red) (red) 
CaCl WU Osean ne-mcsa bance s sme a8 | Paihex. Se eeccocee ese ds 5690 1.670 
MeSnGle GHsOis< 33 . 5522. tei IPT ris. 4 bs ce Aghia ee 1. 5885 1. 5970 
RE cn oe ek cae ee eee oe 1B} ng t ee eae Re oa 1. 5905 1. 5907 
CHD Cae cr. hh See Dipgrias Meese. -peeeae 1. 6038 1. 6042 
SiG Fie ee eae ae ee ee Hexag. modification.. 1.6150 1.6360 } 
Pos, O¢4bs Ole 3.8 St -FEA ase Prigye?. get esse on se .-.| 1.6351 1. 6531 
(N ah ss aes 1 EY 0 J ste SA Sear ess Trig ea aces et STR po eA oso ite 6430 Tete Cr oeGeee 
Pips Os Oc. os ee eee aaa s Rhomb 26..2tke- 32he52 1.65 1. 67 
Bessio. SMR ie Bok. 2A ee eee? Romp eevee tedeceeees 1. 6542 1. 6700 
ANH IrClg.HsO Aree - cat A Ree. 2 Se Tries to xiue sees ieee 1. 6576 1. 6666 
CrP 2 ES 0 ae ee ey oe Rhamb: oo. #-225e--= 1. 6580 1. 7079 
P (Osis be. oe 4. SE = SS - | PRTG axe oboe. be are 1. 6600 1. 6680 
(orange). | (orange). 

GAGER(CON as. <uustiitara --esp Ri eee eee 1.6742 1.7701 


a Strong pleochroism; | opt. ax. more, | 


axis less bluish. 


b Anomalously biaxial, but always with very small ax. angle. 


c w Reddish yellow: e dark carmine red. 
d Indices approximate. 
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TaBLeE 2.—Uniarial Positive Substances—Continued. 


Substance. 


System, wp €D 

Lebo See a ae Re Ph: ak eee em es ee hs 1. 7190 1. 7330 .014 

a GEO. os 8 et 2 cs AE gi hn ee Sas, Ra lag i 1.7278 1. 7361 . 0083 

ory, bY al ae SE ee a Pueerap; 3 = Sess TSN 1. 8466 1. 9200 . 0734 

Lior Mo: Gs ee eee Sa eee Ditetrae —..22 ose 1. 9733 2. 6559 - 68265 

(PbCH:00s De Shot SOLS Petragre ss. . er Bo See 2.1140 2. 1400 . 026 

2-32) 2 ee ee Gx SSNs. BR Se oe 2 LR gheetet Weak 
2. 552 
3. S SoS ee a ae RO Se. bee be am Os sued), | US ee ot Weak 
\ (green) 
ee ee A A Pi Ee iri te Fe 2.78 '0 2. 8320 046 
‘3. b6- (2 As eee as Sara LS VaR a eee saree eel mene a 2. 8540 3. 2010 | 347 
(red) (red). 
TaBLE 3.—Uniazial Negative Substances. 
Substance. System. wp | Ep | w—e 
bs ie 

le as Et eS ee \Hpe6 3-222. g3 ete 2 | 1.300 | 1.296 | 0.004 

SU SE 6 Oe ee gee ee Se peri £32 3 ee 2 1.4092 | 1.4080 | -0012 

LS A Se a eee oe Ae ky ee eee eer 1.417 | 1.393 -024 

I ae ee 8 a ett | POR ae oe ae ee 124715. |) 1.4721 — .0005 

Stn et Se At 1 Ours ee Soe Ma SOEs 3 1.4720 1.4395 -0325 

Pb,(PbCI)(AsO,)3 steene ae Sa ee fag E 0). ee oe ee 1.474 | 1.465 | -009 

| (red) | (red) 

aNiaesG1 Nass... 2.5.2. -..5.-2--++-- | 5 ag ele ak | 1.4807 | 1.4614 -0193 

SST EDS 2 De ae ot ee on Defesie 32955 09525359 5285.5 1.4991 1.4758 | -0233 

jg a ea Wel rae es eee ee 1.5095 | 1.4684 | -O111 

i ee ORG ae 2 Ban ure Raye 1.5109 1.4873 | 0236 

Modification 

J a ee ee (ot ee Mean n 1.5215 | Very weak 

LE. EA ea ee ee ene AD ee ee Ronee 1.5246 1.4792 -0454 

oS) APES) a re ee “Lye, ice) a chang San 1.5291 1.5039 -0252 

SO Sho SEILER SS Sa ee fb fe ge See ee 1.5296 UA525 201 0044 

SrCl-.6H-Od UD) ee ee ee a ee | rie! et ye 28s 1.5364 1.4866 | -0198 

LU Ta he ee eee | Petras. =. SS. . 28.52 1.5393 1.5125 -0268 

Ge Sr Uae Se ee eee ene pes oes ae Bh x SM LSA ORS os. os aoe eae eee eee 

Loa Ta. SLM: \ epee pe 1.5574 1.5179 -0495 

(N | 2 5 i Deir deck ce { - 1.5766 1.5217 -0549 

SE eee | Pair, oS 1.5874 1.3361 2513 

(NH,),Fe(CN),. BMGT ACL EPO. £24 = Bip ose Se SS 1.6198 1.5922 -0276 

SS vie SE] a ane ee ee Ditetrag-. 3-2 fs 2s. 126365 1.6148 | .0217 

_ i See Pigg tog F Na eyes oe 1.644 1.446 | 198 

le lL eS ee eee rats See, os eee 1.65837 1.4864 | 17197 

4(NH,)28-Os. Lew CA: ee Wetrae ne eae ae 1.6769 | 1.6294 0:75 

Peete Se PRHOMEDS so. ee ee 2 1.68174 1.50256 -17918 

AICISO, unten aMs . =. S-=! Weekrites Sat. Se oh oe 1.694 1.641 053 

ae (green) 
; = eee ite ee cae coke cwt sees sod jb |p 9 ape al Soe eee Spee ears 177 1.515 -202 
DAD Eee es ee ERAGE be ee sas eS 1.735 1.435 | -300 
Malau,Az(G.00. iS See eee SL it pe ger eee eee me 1 UW (De a a S| Re. aes 
Spee ) 

“LEY Pee Aelia DICELESG: oo - ee eee aes 1.744 -020 
ELE OS TGS) ee IDipeiaces 228. 2225 9-565 1.7761 i Gas | -0973 
TESS UR ee Apt S (>. Oe ee ee ae es 1.784 Toes a -010 
MAR ARGS TOPPA § 0 OY Se Diets = 2 ee = ee LS 1.7909 | 1.6527 | -1382 
| BaCu: Cs,(N Soph 5- es See ee Ditetyace = 2 Se. es 1.8013 1.6882 1131 

nih es eee a a oe aa 5B ee ee, 1.8036 1.7983 || -0053 

ance eee ere fee ee best st ES Las ag en em Nm BO 1.818 TGET7 >| -2003 
bie ae ee ee by Fees lane paren gi ene } 1.82 1.5973 | I2227 
Sr0n,Cs,(NES);. > Be a ee a Diteteag..7 =>. %.:2..2... 1.8535 1.6982 | 1553 
GLE a oo ee ae eae AIS et es, Boo Bee be 1.873 1.633 240 

Meebo eis tp a lee MN a Sa 1.9345 | 1.9185 0160 

| (ed) | (red) 

LE We Oe Laas CaP See Cee ee Zelech wt 2.0.00 21121 
j |) lL Sideo Se-e RAR ie ee i; Retrags =e SRO D.2685'-| . 2.182 -0865 
EO a ae ee | Retrag: S255 ak. ee... 2.402 2.304 .098 
4 (red) | (red) 
ie ee eee Saif siorl s Gee tie aoe DIpABED, Fogle t s2.481 i: a | 271 
= LS) Miso ep eS aa ga ee righ oo) 2h Se te | 3.084 | 2.831 | -203 
F | | (Li.) chide’ 4 
oJ CSS eee ae ee ee See : rs Fae PRE pee pay rk Vile Weis 3-0877 | 2.7924 | -2953 
4 


+ Color deep blue. 

¢ Co.or emerald green 

d Bolland gives 1.50, 1.52, 1.545 for n. 

¢ Greenish blue. Pleochroism: Grass green, sky blue. 

f Pleochroism weak: Green, blue-green. 

g Personal communication, Dr. E. T. Wherry. 

hk Color deep blue. Pleochroism: Pale sapphire blue, deep cobalt blue. 

i Color reddish yellow. Pleochroism: || Chief axis greenish yellow, | orange. 
4 Color deep blood :ed. No distinct pleochroism. 

& Pleochroism: Blood red, cochinea! red. 
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